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(57) ABSTRACT

Provided is a fluorescence endoscope device including a light
source that irradiates with excitation light and white light; an
image generator that acquires a fluorescence image by cap-
turing fluorescence generated in a subject irradiated with the
excitation light and that acquires a white-light image by cap-
turing return light from the subject irradiated with the white
light; an image corrector that corrects the fluorescence image
by using the white-light image so as to generate a corrected
fluorescence image; a threshold-value setting unit that sets a
threshold value on the basis of an average value of gradation
values of pixels in the corrected fluorescence image; an image
adjuster that increases the contrast in the corrected fluores-
cence image between an area having gradation values larger
than the threshold value, and an area having gradation values
smaller than the threshold value; and a monitor that displays
the corrected fluorescence image whose contrast is increased.
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1
FLUORESCENCE ENDOSCOPE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of International Application PCT/
JP2011/055051, with an international filing date of Mar. 4,
2011, which is hereby incorporated by reference herein in its
entirety. This application claims the benefit of Japanese
Patent Application No. 2010-052010, the contents of which
are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to fluorescence endoscope
devices.

BACKGROUND ART

A known fluorescence endoscope device in the related art
radiates excitation light, which generates fluorescence by
exciting a fluorescent agent accumulated specifically in a
lesion, such as cancer cells, onto an observation site that is
administered the fluorescent agent. The fluorescence endo-
scope device photographs the generated fluorescence so as to
acquire a fluorescence image having high luminance in the
lesion (for example, see Patent Literature 1). The fluores-
cence endoscope device discussed in Patent Literature 1
divides the fluorescence image based on the intensity of the
fluorescence generated in the observation site irradiated with
the excitation light by a reference image based on the inten-
sity of return light returning from the same observation site
irradiated with reference light so as to correct a variation in
fluorescence intensity, which is dependent on the observation
distance, the observation angle, and the like, in the fluores-
cence image.

CITATION LIST
Patent Literature

{PTL 1} Japanese Unexamined Patent Application, Publica-
tion No. 2006-175052

SUMMARY OF INVENTION

An aspect of the present invention provides a fluorescence
endoscope device including a light source that irradiates a
subject with excitation light and reference light; a fluores-
cence-image acquisition unit that acquires a fluorescence
image by capturing fluorescence generated in the subject
irradiated with the excitation light from the light source; a
reference-image acquisition unit that acquires a reference
image by capturing return light returning from the subject
irradiated with the reference light from the light source; a
corrected-fluorescence-image generator that corrects the
fluorescence image acquired by the fluorescence-image
acquisition unit by using the reference image acquired by the
reference-image acquisition unit so as to generate a corrected
fluorescence image; a threshold-value setting unit that sets a
threshold value on the basis of an average value of gradation
values of pixels in the corrected fluorescence image generated
by the corrected-fluorescence-image generator; an image
adjuster that increases a contrast in the corrected fluorescence
image between an area having gradation values larger than the
threshold value set by the threshold-value setting unit and an
area having gradation values smaller than the threshold value;
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2

and a display unit that displays the corrected fluorescence
image whose contrast is increased by the image adjuster.

When the subject is irradiated with the excitation light
emitted from the light source, the fluorescence image of the
fluorescence generated in the subject is acquired by the fluo-
rescence-image acquisition unit. When the subject is irradi-
ated with the reference light emitted together with the exci-
tation light from the light source, the reference image of the
return light is acquired by the reference-image acquisition
unit. Then, the corrected-fluorescence-image generator cor-
rects the fluorescence image by using the reference image
with respect to the same object so as to generate a corrected
fluorescence image in which a variation in fluorescence inten-
sity that is dependent on the observation distance and the
observation angle is reduced.

In the above invention, the corrected-fluorescence-image
generator may divide the fluorescence image by the reference
image.

Furthermore, in the above invention, the threshold-value
setting unit may set a value obtained by multiplying a coef-
ficient by the average value of the gradation values as the
threshold value, the coefficient being set such that the coeffi-
cient decreases when a percentage at which an area with a
predetermined gradation value or higher occupies the cor-
rected fluorescence image increases.

Inthe above invention, the threshold-value setting unit may
set the threshold value on the basis of the average value of the
gradation values and a standard deviation.

In this case, the threshold-value setting unit may set a value
obtained by adding the standard deviation to the average
value of the gradation values as the threshold value.

Inthe above invention, the threshold-value setting unit may
set a value obtained by adding the standard deviation to a
value obtained by multiplying a coefficient by the average
value of the gradation values as the threshold value, the coef-
ficient being set such that the coefficient decreases when a
percentage at which an area with a predetermined gradation
value or higher occupies the corrected fluorescence image
increases.

Inthe above invention, the threshold-value setting unit may
set a value obtained by adding the average value of the gra-
dation values to a value obtained by multiplying a coefficient
by the standard deviation as the threshold value, the coeffi-
cient being set such that the coefficient decreases when a
percentage at which an area with a predetermined gradation
value or higher occupies the corrected fluorescence image
increases.

Inthe above invention, the threshold-value setting unit may
set a value obtained by adding a first value to a second value
as the threshold value, the first value being obtained by mul-
tiplying a first coefficient by the average value of the grada-
tion values, the first coefficient being set such that the first
coefficient decreases when a percentage at which an area with
a predetermined gradation value or higher occupies the cor-
rected fluorescence image increases, the second value being
obtained by multiplying a second coefficient by the standard
deviation, the second coefficient being set such that the sec-
ond coefficient decreases when a percentage at which an area
with a predetermined gradation value or higher occupies the
corrected fluorescence image increases.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically illustrates the configuration of a fluo-
rescence endoscope device according to an embodiment of
the present invention.



US 9,119,553 B2

3

FIG. 2A illustrates an example of a white-light image and
a corrected fluorescence image displayed on a monitor in
FIG. 1.

FIG. 2B is a histogram illustrating the relationship between
gradation values of pixels in the corrected fluorescence image
in FIG. 2A and the frequency of each of the gradation values
occupying the entire image.

FIG. 3 is a flowchart illustrating the operation in the fluo-
rescence endoscope device in FIG. 1.

FIG. 4 A illustrates an example of the white-light image and
anew corrected fluorescence image displayed on the monitor.

FIG. 4B is a histogram illustrating the relationship between
gradation values of pixels in the corrected fluorescence image
in FIG. 4A and the frequency of each of the gradation values
occupying the entire image.

FIG. 5A is ahistogram illustrating the relationship between
gradation values of pixels in a corrected fluorescence image
and the frequency of each of the gradation values occupying
the entire image after a change in the gradation values.

FIG. 5B illustrates an example of the corrected fluores-
cence image in FIG. SA.

FIG. 6A is a histogram illustrating the relationship between
gradation values of pixels in a corrected fluorescence image
and the frequency of each of the gradation values occupying
the entire image after the image is adjusted.

FIG. 6B illustrates an example of the corrected fluores-
cence image in FIG. 6A.

FIG. 7 is a flowchart illustrating the operation of a fluores-
cence endoscope device according to a first modification of
the embodiment of the present invention.

FIG. 8 is a flowchart illustrating the operation of a fluores-
cence endoscope device according to a second modification
of the embodiment of the present invention.

FIG. 9 is a flowchart illustrating the operation of a fluores-
cence endoscope device according to a third modification of
the embodiment of the present invention.

FIG. 10 is a flowchart illustrating the operation of the
fluorescence endoscope device in FIG. 9.

FIG. 11 is a flowchart illustrating the operation of a fluo-
rescence endoscope device according to a fourth modification
of the embodiment of the present invention.

FIG. 12 is a flowchart illustrating the operation of a fluo-
rescence endoscope device according to a fifth modification
of the embodiment of the present invention.

FIG. 13 illustrates an example of options for coefficients a
and b displayed on a monitor in a fluorescence endoscope
device according to a sixth modification of the embodiment of
the present invention.

FIG. 14 illustrates a coefficient changing unit provided on
a scope.

FIG. 15 schematically illustrates the configuration of a
fluorescence endoscope device according to a seventh modi-
fication of the embodiment of the present invention.

FIG. 16 schematically illustrates the configuration of a
fluorescence endoscope device according to an eighth modi-
fication of the embodiment of the present invention.

FIG. 17 schematically illustrates the configuration of a
fluorescence endoscope device according to a ninth modifi-
cation of the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

A fluorescence endoscope device according to an embodi-
ment of the present invention will be described below with
reference to the drawings.

As shown in FIG. 1, a fluorescence endoscope device 100
includes a narrow scope 2 to be inserted into a body cavity, an
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4

illumination unit 20 having a light source 10 that generates
illumination light to be emitted from a tip 2a of the scope 2, an
image acquisition unit 30 that is disposed within the scope 2
and acquires image information of an observation site X
serving as a subject, an image processor 40 that processes the
image information acquired by the image acquisition unit 30,
and a monitor (display unit) 50 that displays the image infor-
mation and an image processed by the image processor 40.

The light source 10 includes a xenon lamp (Xe lamp) 11
that generates the illumination light, an excitation-light filter
13 that transmits white light (reference light) including exci-
tation light from the illumination light generated by the xenon
lamp 11, and a coupling lens 15 that focuses the white light
including the excitation light transmitted through the excita-
tion-light filter 13. For example, the excitation-light filter 13
transmits white light including excitation light having a
wavelength ranging between 400 nm and 740 nm.

The illumination unit 20 includes a light guide fiber 21
extending substantially along the entire length of the scope 2
in the longitudinal direction thereof, and a light spreading
lens 23 disposed at the tip 2a of the scope 2.

The light guide fiber 21 guides the white light including the
excitation light focused by the coupling lens 15 to the tip 2a
of'the scope 2. The light spreading lens 23 spreads the white
light including the excitation light guided by the light guide
fiber 21 so as to irradiate the observation site X with the light.

The image acquisition unit 30 includes an objective lens 31
that collects return light returning from the observation site X
irradiated with the white light including the excitation light
emitted from the illumination unit 20, and a beam splitter 33
that splits the return light collected by the objective lens 31 in
accordance with respective wavelengths.

The objective lens 31 is disposed in parallel with the light
spreading lens 23 at the tip 2a of the scope 2. Of the return
light, the beam splitter 33 reflects light having an excitation
wavelength or longer (i.e., excitation light and fluorescence)
and transmits white light having a shorter wavelength than the
excitation wavelength (i.e., return light).

The image acquisition unit 30 includes an excitation-light
cut filter 35 that only transmits the fluorescence (e.g., near-
infrared fluorescence) but blocks the excitation light, which
have been reflected by the beam splitter 33, a focusing lens
37A that focuses the fluorescence transmitted through the
excitation-light cut filter 35, a focusing lens 37B that focuses
the white light transmitted through the beam splitter 33, a
fluorescence capturing section 38 that captures the fluores-
cence focused by the focusing lens 37A, and a white-light
capturing section 39 that captures the white light focused by
the focusing lens 37B.

For example, the excitation-light cut filter 35 only trans-
mits fluorescence having a wavelength ranging between 765
nm and 850 nm. The fluorescence capturing section 38 is, for
example, a high-sensitivity monochrome CCD for fluores-
cence. The fluorescence capturing section 38 acquires fluo-
rescence-image information by capturing the fluorescence.
The white-light capturing section 39 is, for example, a color
CCD for white light and includes a mosaic filter (not shown).
The white-light capturing section 39 acquires white-light-
image information by capturing the white light.

The image processor 40 includes an image generator (fluo-
rescence-image acquisition unit, reference-image acquisition
unit) 41 that generates a fluorescence image and a white-light
image (i.e., reference image), an image corrector (corrected-
fluorescence-image generator) 43 that corrects the fluores-
cence image generated by the image generator 41 by using the
white-light image, and a threshold-value setting unit 45 that
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sets a threshold value for gradation values in the corrected
fluorescence image generated by the image corrector 43.

The image generator 41 generates a two-dimensional fluo-
rescence image from the fluorescence-image information
acquired by the fluorescence capturing section 38 and also
generates a two-dimensional white-light image from the
white-light-image information acquired by the white-light
capturing section 39.

The image corrector 43 corrects the fluorescence image by
dividing the fluorescence image by the white-light image of
the same observation site X. Thus, a corrected fluorescence
image with a reduced variation in fluorescence intensity,
which is dependent on the observation distance, the observa-
tion angle, and the like, in the fluorescence image is gener-
ated. Furthermore, the image corrector 43 outputs the white-
light image and the generated corrected fluorescence image to
the monitor 50.

As shown in the following calculation equation (1), the
threshold-value setting unit 45 sets a value obtained by mul-
tiplying an average value (i.e., an average gradation value of
the entire image) m of the gradation values of the pixels in the
corrected fluorescence image by a predetermined coefficient
a as a threshold value.

S=axm

M

The monitor 50 is capable of simultaneously displaying the
white-light image and the corrected fluorescence image sent
from the image corrector 43. Moreover, the monitor 50
includes an image adjuster 51 that adjusts the gradation val-
ues in the corrected fluorescence image.

In order to increase the contrast in the corrected fluores-
cence image between an area with pixels having gradation
values larger than the threshold value S set by the threshold-
value setting unit 45 and an area with pixels having gradation
values smaller than the threshold value S, the image adjuster
51 displays the pixels having the gradation values smaller
than the threshold value S by replacing the gradation values
thereof with zero.

The operation of the fluorescence endoscope device 100
according to this embodiment having the above-described
configuration will now be described.

In order to observe the observation site X in the body cavity
of a living organism by using the fluorescence endoscope
device 100 according to this embodiment, a fluorescent agent,
which accumulates specifically in a lesion, such as cancer
cells, is made to attach to or is absorbed in the observation site
X. In this state, the observation site X is irradiated with
excitation light so that the fluorescent agent is excited,
whereby fluorescence is generated. In actuality, the fluores-
cent agent not only accumulates in the lesion but also accu-
mulates slightly in normal areas. Thus, weak fluorescence is
also generated from areas other than the lesion (i.e., back-
ground).

In this embodiment, the scope 2 is first inserted into the
body cavity so as to make the tip 2a face the observation site
X. In this state, the light source 10 is activated so that the
white light including the excitation light generated from the
xenon lamp 11 and transmitted by the excitation-light filter 13
is focused by the coupling lens 15 and is guided to the tip 2a
of'the scope 2 by the light guide fiber 21. Then, the white light
is spread by the light spreading lens 23 so as to irradiate the
observation site X.

In the observation site X, a fluorescent material contained
therein is excited by the excitation light so that fluorescence is
generated, and the white light and the excitation light are
partially reflected at the surface of the observation site X. The
objective lens 31 collects the fluorescence, the white light,
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and the excitation light, and the beam splitter 33 reflects light
having the excitation wavelength or longer, i.e., the excitation
light and the fluorescence, and transmits the white light hav-
ing a shorter wavelength than the excitation wavelength.

With regard to the excitation light and the fluorescence
reflected by the beam splitter 33, the excitation light is
removed by the excitation-light cut filter 35 so that only the
fluorescence is focused by the focusing lens 37A, whereby
the fluorescence is captured by the fluorescence capturing
section 38. Consequently, the fluorescence-image informa-
tion of the observation site X is acquired by the fluorescence
capturing section 38. The white light transmitted through the
beam splitter 33 is focused by the focusing lens 37B so that
the white light is captured by the white-light capturing section
39. Consequently, the white-light-image information of the
observation site X is acquired by the white-light capturing
section 39. The fluorescence-image information and the
white-light-image information may be acquired at the same
time or may be acquired in any order.

The fluorescence-image information acquired by the fluo-
rescence capturing section 38 and the white-light-image
information acquired by the white-light capturing section 39
are input to the image generator 41 in the image processor 40.
In the image generator 41, a two-dimensional fluorescence
image is generated on the basis of the fluorescence-image
information, and a two-dimensional white-light image is gen-
erated on the basis of the white-light-image information.

The fluorescence image and the white-light image gener-
ated by the image generator 41 are sent to the image corrector
43. In the image corrector 43, the fluorescence image is
divided by the white-light image so that a corrected fluores-
cence image is generated. By doing so, a corrected fluores-
cence image with high quantitative characteristics can be
generated by a simple arithmetic process. The generated cor-
rected fluorescence image is sent to the threshold-value set-
ting unit 45 and is also sent to the monitor 50 together with the
white-light image so as to be displayed thereon, as shown in
FIG. 2A.

As shown in FIG. 2B, the corrected fluorescence image is
mainly constituted of an area that displays weak fluorescence
from the background and an area that displays strong fluo-
rescence from the lesion. In FIG. 2B, the horizontal axis
indicates gradation values, whereas the vertical axis indicates
the frequency of each of the gradation values occupying the
entire corrected fluorescence image (the same applies to
FIGS.4B,5A,and 6 A). A histogram as shown in FIG. 2B may
be displayed on the monitor 50.

Because fluorescence and reflected light have different
dependencies with respect to the observation distance and the
observation angle, there is sometimes a case where a certain
error occurs due to not being able to completely compensate
for the effects of the observation distance and the observation
angle in the corrected fluorescence image.

The following description provided with reference to a
flowchart shown in FIG. 3 relates to a threshold-value setting
process performed by the threshold-value setting unit 45 and
a corrected-fluorescence-image adjustment process per-
formed by the image adjuster 51 for acquiring quantitative
information of the observation site X.

Inthe threshold-value setting unit 45, the coefficient a (e.g.,
a=1.5) in the aforementioned calculation equation (1) is
determined in advance (step SA1). Subsequently, when the
threshold-value setting unit 45 acquires a corrected fluores-
cence image sent from the image corrector 43 (step SA2), the
threshold-value setting unit 45 calculates an average grada-
tion value m of the entire image (step SA3).
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The average gradation value m of the entire image is cal-
culated from, for example, the following calculation equation

@-

m=+(n  xm+1,x1m,)/ (1,+15)

@

where m; denotes an average value of gradation values of
pixels displaying the background, m, denotes an average
value of gradation values of pixels displaying the lesion, n,
denotes the total number of pixels displaying the background,
and n, denotes the total number of pixels displaying the
lesion.

If'the corrected fluorescence image has a total of 1,000,000
pixels, it is assumed that 950,000 pixels display the fluores-
cence from the background (total number of pixels corre-
sponding to the background n,=950,000), and 50,000 pixels
display the fluorescence from the lesion (total number of
pixels corresponding to the lesion n,=50,000). If the contrast
of the fluorescent agent is 1:2, it is assumed that the average
gradation value m, of the background is equal to 1000, and the
average gradation value m, of the lesion is equal to 2000.

Based on this assumption, the average gradation value m
(=1050) of the entire image is calculated from calculation
equation (2).

Then, the threshold-value setting unit 45 uses the set coet-
ficient a and the calculated average gradation value m of the
entire image so as to calculate the threshold value S (=1575)
from calculation equation (1). Consequently, the threshold
value S for the gradation values in the corrected fluorescence
image is set (step SA4) and is sent to the image adjuster 51.

Of all the pixels of the corrected fluorescence image dis-
played on the monitor 50, the image adjuster 51 replaces the
gradation values of pixels having gradation values smaller
than the threshold value S (=1575) with zero (step SAS). In
this case, assuming that the gradation values of the pixels
displaying the background and the gradation values of the
pixels displaying the lesion are distributed in accordance with
a normal distribution, and the standard deviation is ten times
the square root of the average value of the gradation values of
the pixels displaying the background and the gradation values
of'the pixels displaying the lesion, then 96.5% of the display
of the background is eliminated, whereas 82.9% of the dis-
play of the lesion is maintained.

Consequently, as shown in FIG. 4A, a new corrected fluo-
rescence image with increased contrast between the area dis-
playing the lesion and the area displaying the background is
displayed on the monitor 50 (step SA6). As shownin FIG. 4B,
the new corrected fluorescence image is mainly constituted of
an area that has higher gradation values than the threshold
value S and that displays the fluorescence from the lesion.

Next, it is assumed that the observation distance and the
observation angle change, causing the average value of gra-
dation values of pixels in a corrected fluorescence image of a
subsequent frame to increase due to an error, as shown in FIG.
5A. In this case, it is assumed that the average value of
gradation values of pixels displaying the background and the
average value of gradation values of pixels displaying the
lesion increase by 50% so as to become m;=1500 and
m,=3000, respectively.

In this case, assuming that the threshold value S is main-
tained at 1575 without changing the current threshold value
even after the change in the gradation values, an increase in
the area having gradation values exceeding the threshold
value S causes the display of the background to be eliminated
only by 57.7% while 99.5% of the display of the lesion is
maintained, as shown in FIG. 5B, resulting in reduced sharp-
ness of the corrected fluorescence image.
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In this embodiment, in order for the threshold-value setting
unit 45 to set the threshold value S on the basis of the average
gradation value m of the entire image, steps SA2 to SA6 are
repeated.

When the threshold-value setting unit 45 acquires the cor-
rected fluorescence image of the subsequent frame (step
SA2), the threshold-value setting unit 45 calculates an aver-
age gradation value m of the entire image of the subsequent
frame on the basis of calculation equation (2) (step SA3). As
shown in FIG. 6 A, a new threshold value S (=2363), which is
larger than the threshold value S (=1575) for the previous
frame, is set (step SA4).

Consequently, the gradation values in the corrected fluo-
rescence image are adjusted by the image adjuster 51 (step
SAS), whereby a new corrected fluorescence image, in which
98.7% of the display of the background is eliminated and
87.8% of the display of the lesion is maintained, is displayed,
as shown in FIG. 6B (step SA6).

By repeating steps SA2 to SA6 in this manner, when the
corrected fluorescence image of the subsequent frame is gen-
erated, the threshold value S is updated on the basis of the
average gradation value m of the entire image, whereby a new
corrected fluorescence image with adjusted gradation values
is displayed on the monitor 50.

As described above, in the fluorescence endoscope device
100 according to this embodiment, the image adjuster 51
adjusts the gradation values of a corrected fluorescence image
on the basis of a predetermined threshold value so as to
increase the contrast between the lesion and the background,
whereby a sharp corrected fluorescence image with reduced
effects of weak fluorescence generated from the background
can be acquired.

Furthermore, in this embodiment, since a white-light
image generated from spread return light and reflected light
from a subject is used as a reference image, the gradation
values of the reference image are prevented from being zero
or values close to zero even in areas that hardly generate
fluorescence, whereby an accurate corrected fluorescence
image can be generated.

Furthermore, since the threshold-value setting unit 45 sets
athreshold value on the basis of an average gradation value of
a corrected fluorescence image, the threshold value can be
updated in accordance with a change in the gradation values
in the corrected fluorescence image, thereby maintaining the
degree of sharpness for each acquired corrected fluorescence
image. Consequently, quantitative information of the obser-
vation site X can be acquired.

Although the coefficient a is set equal to 1.5 as an example
in this embodiment, the value of the coefficient a may be
changed in accordance with the observation conditions.

This embodiment may be modified as follows.

For example, although the threshold value is set on the
basis of the average gradation value m of the entire corrected
fluorescence image in this embodiment, the threshold-value
setting unit 45 may alternatively set the threshold value S on
the basis of the sum of the average gradation value m of the
entire image and the standard deviation in a first modification,
as shown in the following calculation equation (3)

S=m+0

®
where o denotes the standard deviation of the gradation val-
ues of the pixels in the corrected fluorescence image.
Furthermore, although the white-light image is used as a
reference image in this embodiment, the white-light image
may be acquired by using, for example, a CMOS device or a
CCD (white-light-image acquisition unit) formed of three
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channels, i.e., R, G, and B channels, and the R channel alone,
for example, may be used as the reference image.

Alternatively, light in a wavelength range different from
that of white light, e.g., infrared or near-infrared light, may be
radiated as additional reference light, so as to acquire a ref-
erence image different from the white-light image. In either
case, since the white-light image and the corrected fluores-
cence image are simultaneously displayed, additional infor-
mation about the corrected fluorescence image can be pro-
vided to an operator without hindering the observation of the
white-light image.

The standard deviation o of the entire image may be cal-
culated from the following calculation equation (4).

2

o? =%

)

-m? :(nlef+n2><2§)/(n1 +m)—m? =

(o] +m}) +na(0F +m3) [ (my + 1) —m”

where x? denotes a square mean value of the gradation values
of the entire image, X,> denotes a square mean value of the
gradation values of the background, x,> denotes a square
mean value of the gradation values of the lesion, o, denotes a
standard deviation of the gradation values of the pixels dis-
playing the background, and o, denotes a standard deviation
of the gradation values of the pixels displaying the lesion.

Ideally, the standard deviation o, of the background and
the standard deviation o, of the lesion are both values close to
the square root of the average gradation value. However, they
change significantly due to fluctuations in the distribution of
radiated light as well as the effects of protrusions and recesses
onthe surface ofthe observation site X. Assuming that each of
the standard deviations o, and o, is ten times the ideal value
(i.e., the square root of the average gradation value), the
standard deviation o, of the background is 316, and the stan-
dard deviation o, of the lesion is 447.

Based on this assumption, referring to a flowchart in FIG.
7, when the threshold-value setting unit 45 acquires a cor-
rected fluorescence image (step SB1), the threshold-value
setting unit 45 calculates an average gradation value m
(=1050) of the entire image and a standard deviation o (=391)
thereof from calculation equations (2) and (4), respectively
(step SB2). In the threshold-value setting unit 45, a threshold
value S (=1441) is calculated and set based on calculation
equation (3) by using the calculated average gradation value
m of the entire image and the calculated standard deviation o
(step SB3).

Of all the pixels in the corrected fluorescence image, the
image adjuster 51 replaces the gradation values of pixels
having gradation values smaller than the threshold value S
(=1441) with zero (step SB4). Consequently, a new corrected
fluorescence image, in which 91.8% of the display of the
background is eliminated and 89.5% of the display of the
lesion is maintained, is displayed on the monitor 50 (step
SB5).

Next, it is assumed that the observation distance and the
observation angle change, causing the average value of the
gradation values of pixels in a corrected fluorescence image
of'a subsequent frame to increase due to an error. In this case,
assuming that the threshold value S is maintained at 1441
without changing the threshold value, the display of the back-
ground is eliminated only by 65.2% while 98.8% of the dis-
play of the lesion is maintained after the change in the gra-
dation values, resulting in reduced sharpness of the corrected
fluorescence image.
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In this modification, in order for the threshold-value setting
unit 45 to set the threshold value S on the basis of the sum of
the average gradation value m of the entire image and the
standard deviation o, steps SB1 to SB5 are repeated.

For example, if the average value of the gradation values of
the pixels changes by 30%, it is possible to assume that the
average gradation value m, of the background is 1300, the
standard deviation o, thereof is 361, the average gradation
value m, of the lesion is 2600, and the standard deviation o,
thereof is 510.

When the threshold-value setting unit 45 acquires the cor-
rected fluorescence image of the subsequent frame (step
SB1), the threshold-value setting unit 45 calculates an aver-
age gradation value m (=1365) of the entire image of the
subsequent frame and a standard deviation o (=466) on the
basis of calculation equations (2) and (4), respectively (step
SB2), and sets a new threshold value S (=1831) on the basis of
calculation equation (3) (step SB3). Consequently, the grada-
tion values in the corrected fluorescence image are adjusted
by the image adjuster 51 (step SB4), whereby a new corrected
fluorescence image, in which 92.9% of the display of the
background is eliminated and 93.4% of the display of the
lesion is maintained, is displayed (step SB5).

With this modification described above, the threshold
value S is set on the basis of the sum of the average gradation
value m of the entire image and the standard deviation o, so
that a sharp corrected fluorescence image can always be
acquired even if an error remains in the corrected fluores-
cence image due to the effects of the observation distance and
the observation angle. Furthermore, even when the gradation
values vary among the pixels in the corrected fluorescence
image, a more accurate threshold value can be set, as com-
pared with a case where the threshold value is set on the basis
of the average gradation value alone.

A comparative example for this modification will be
described below.

For example, if the average value of the gradation values of
the pixels changes by 30%, it is assumed that the average
gradation value m, of the background becomes 700, the stan-
dard deviation o, thereof becomes 265, the average gradation
value m, of the lesion becomes 1400, and the standard devia-
tion 0, thereof becomes 374. In this case, if the threshold
value S is calculated only on the basis of the average gradation
value m of the entire image as a comparative example, the
threshold value S is 1103, so that 93% of the display of the
background is eliminated while only 78% of the display of the
lesion is maintained.

In contrast, when the threshold value S is calculated on the
basis of the sum of the average gradation value m of the entire
image and the standard deviation o, as in this modification,
the threshold value S is 1046, so that 90% of the display of the
background is eliminated while 83% of the display of the
lesion is maintained. Consequently, a threshold value by
which the display of the lesion can be maintained at a larger
amount can be set, which is advantageous especially when
placing higher priority on sensitivity over specificity.

In the above embodiment and this modification, a threshold
value S is set for each corrected fluorescence image of a
subsequent frame. Alternatively, in a second modification, a
threshold value may be set if the average value of the grada-
tion values of the pixels in the subsequent frame changes by
more than a specific percentage. In this case, referring to a
flowchart in FIG. 8, the threshold-value setting unit 45 sets a
threshold value S for the gradation values in a corrected
fluorescence image and stores an average gradation value m
of the entire image (step SB3"), and performs steps SB4 and
SBS5 so that a new corrected fluorescence image is displayed.
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Subsequently, when the threshold-value setting unit 45
acquires a corrected fluorescence image of a subsequent
frame (step SB6), the threshold-value setting unit 45 calcu-
lates an average gradation value m of the entire image (step
SB7), and compares it with the stored average gradation value
m of the entire image of the previous frame (step SB8).

As aresult, for example, if the average gradation value m of
the entire image of the subsequent frame is greater than or
equal to 1.2 times the average gradation value m of the entire
image of the previous frame, or smaller than or equal to 0.8
times the average gradation value m of the entire image of the
previous frame, steps SB2 to SB8 are repeated. Consequently,
a standard deviation o of the entire image of the subsequent
frame is calculated (step SB2), and a new threshold value S is
set and a new average gradation value m is stored (step SB3").

On the other hand, in step SBS, if the average gradation
value m of the entire image of the subsequent frame is greater
than or equal to 0.8 times the average gradation value m of the
entire image of the previous frame, or smaller than or equal to
1.2 times the average gradation value m of the entire image of
the previous frame, the corrected fluorescence image of the
subsequent frame is adjusted without changing the threshold
value and is displayed (step SB9). The process then returns to
step SB6.

In a state where the observation conditions are relatively
stable, the average value of the gradation values of the pixels
and the standard deviation do not change significantly. There-
fore, a corrected fluorescence image with stable sharpness
can be acquired without having to reset the threshold value S
every time a corrected fluorescence image is generated. Fur-
thermore, unless the average value of the gradation values of
the pixels changes significantly, the threshold value S can be
maintained so that the calculation amount of the standard
deviation o can be reduced, thereby achieving improved pro-
cessing speed.

Referring to FIG. 9, in a third modification, a fluorescence
endoscope device 200 may include a threshold-value change
command unit 261 for inputting a change command for the
threshold value, such that an operator may manually change
the threshold value by operating the threshold-value change
command unit 261. Accordingly, instead of always setting a
threshold value every time a corrected fluorescence image of
a subsequent frame is generated, the corrected fluorescence
image can be adjusted when the operator determines that the
threshold value is not appropriate during observation.

In this case, referring to a flowchart in FIG. 10, after a
corrected fluorescence image of a subsequent frame is
acquired by the threshold-value setting unit 45 (step SB6), if
a change command is input to the threshold-value change
command unit 261 by the operator (“YES” in step SC7), steps
SB2 to SC7 may be repeated. Accordingly, the threshold-
value setting unit 45 is activated so that a threshold value S is
set on the basis of the sum of the average gradation value m of
the entire image of the subsequent frame and the standard
deviation o (step SB3).

On the other hand, if a change command is not input to the
threshold-value change command unit 261 by the operator
(“NO” in step SC7), the image adjuster 51 may adjust the
gradation values of the corrected fluorescence image on the
basis of the current threshold value S (step SC8), and the
process may return to step SB6.

In a fourth modification, instead of always setting a thresh-
old value every time a corrected fluorescence image of a
subsequent frame is generated, a threshold value may be set
for every several frames. In this case, for example, informa-
tion n related to how frequent the threshold value is to be
changed may be set in each scope 2, and the fluorescence
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endoscope device 100 may include a scope-information
reader (not shown) that reads the information n from the
connected scope 2. Based on the read information n, the
threshold-value setting unit 45 may change the threshold
value. For example, the information n may indicate that the
threshold value should be changed once when a frame num-
ber i reaches an n-th frame.

In this case, referring to a flowchart in FIG. 11, when the
frame number i of a subsequent frame acquired by the thresh-
old-value setting unit 45 in step SB6 reaches the n-th frame
(“YES” in step SD7), the frame number i may be reset (step
SD8), and steps SB2 to SD7 may be repeated. Accordingly,
the threshold value S is set on the basis of the sum of the
average gradation value m of the entire image of the subse-
quent frame and the standard deviation o (steps SB2 and
SB3).

On the other hand, if the frame number i of the subsequent
frame has not reached the n-th frame (“NO” in step SD7), a
value “1” may be added to the frame number i (step SD9), and
the image adjuster 51 may subsequently adjust the gradation
values of the corrected fluorescence image on the basis of the
current threshold value S (step SD10). The process may then
return to step SB6.

Accordingly, the number of times the average gradation
value m of the entire image and the standard deviation o are
calculated can be reduced, thereby achieving increased pro-
cessing speed. For example, under observation conditions in
which the observation distance fluctuates significantly due to
expansion and contraction thereof, such as inside a stomach,
it is better to reset the threshold value S relatively frequently.
In contrast, under observation conditions in which the obser-
vation distance is relatively fixed, such as inside a large intes-
tine where the lumen diameter is fixed to a certain extent, the
threshold value S may be reset less frequently.

In each of the above modifications, the threshold value S is
set on the basis of the sum of the average gradation value m of
the entire image and the standard deviation o. Alternatively,
for example, in a fifth modification, the threshold-value set-
ting unit 45 may set the threshold value S on the basis of the
sum of the average gradation value m of the entire image
multiplied by a predetermined coefficient a (i.e., a first coef-
ficient) and the standard deviation o multiplied by a prede-
termined coefficient b (i.e., a second coefficient), as shown in
the following calculation equation (5).

S=axm+bxc

®

The coefficients a and b may be set such that they decrease
when an assumed percentage at which the lesion occupies the
corrected fluorescence image increases.

In this case, referring to a flowchart in FIG. 12, the thresh-
old-value setting unit 45 first sets the coefficients a and b for
the aforementioned calculation equation (5) (step SE1).

The following description relates to an example of how the
coefficients a and b are set.

The coeflicients a and b are set on the basis of, for example,
an assumed average gradation value m, of the background
and an assumed average gradation value m, of the lesion, and
an assumed total number n, of pixels in the background and
an assumed total number n, of pixels in the lesion, respec-
tively.

Itis assumed that the total number of pixels in the corrected
fluorescence image is 1,000,000 pixels, the average gradation
value m, of the background is 1000, and the standard devia-
tions 0, and 0, are ten times the ideal values (i.e., the square
root of the average gradation values). Then, desired values for
the elimination rate for the background and the maintaining
rate for the lesion are set in the case where the average
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gradation value m, of the lesion is equal to 1500, 2000, 2500,
and 3000, as shown in Table 1.

TABLE 1
m2

1500 2000 2500 3000
Elimination Rate 75% 90% 95% 99%
of Background
Threshold Value S 1213 1405 1520 1736
Maintaining Rate T7% 91% 97% 99%
of Lesion

First, a threshold value is set from the elimination rate for
the display of the background, and a desired value for the
maintaining rate for the display of the lesion at this threshold
value is set. In Table 1, the greater the average gradation value
m, of the lesion, the higher the desired values for the elimi-
nation rate for the display of the background and the main-
taining rate for the display of the lesion.

With this configuration, the threshold value set by the
threshold-value setting unit can be prevented from becoming
too high even when the standard deviation and the average
value of the entire image increase due to an increase in the
percentage at which the area with the predetermined grada-
tion value or higher occupies the image, that is, due to an
increase in the area occupied by the lesion.

When the coefficient b is equal to 1, the coefficient a can be
set on the basis of the relationship between the average gra-
dation value m, of the lesion and the total number n, of pixels
thereof shown in Table 2. In Table 2, the larger the total
number n, of pixels in the lesion, the smaller the value of the
coefficient a.

TABLE 2

m2
n2 1500 2000 2500 3000
300000 1.06 1.08 1.05 1.08
250000 1.08 1.12 1.11 1.16
200000 1.10 1.17 1.17 1.24
150000 1.13 1.22 1.24 1.34
100000 1.16 1.28 1.32 1.45
50000 1.18 1.34 1.41 1.58

For example, when observing a relatively large protruding
lesion, like a colon polyp, it can be assumed that the total
number of pixels of the lesion would increase since the lesion
would occupy a wide region of the corrected fluorescence
image. Assuming that the total number n, of pixels of the
background is 700,000 and the total number n, of pixels of the
lesion is 300,000, the coefficients a and b can be set to 0.70
and 1.0, respectively, based on Table 2.

Then, when the threshold-value setting unit 45 acquires a
corrected fluorescence image (step SE2), the threshold-value
setting unit 45 calculates an average gradation value m
(=1300) of the entire image and a standard deviation ¢ (=583)
on the basis of calculation equations (2) and (4), respectively
(step SE3). The threshold-value setting unit 45 calculates and
sets a threshold value S (=1493) from calculation equation (3)
by using the coefficient a (=0.7), the coefficient b (=1), the
average gradation value m of the entire image, and the stan-
dard deviation o thereof (step SE4).

The image adjuster 51 adjusts the gradation values of the
corrected fluorescence image on the basis of the threshold
value S (=1493) (step SE5), whereby a new corrected fluo-
rescence image, in which 94.1% of the display of the back-
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ground is eliminated and 87.1% of the display of the lesion is
maintained, is displayed on the monitor 50 (step SE6).

Accordingly, a minimum value and a maximum value for
the threshold value S can be limited on the basis of the
percentage at which an area having pixels with high gradation
values occupies the corrected fluorescence image. Therefore,
the threshold value S is prevented from becoming too high
even when the average value of the gradation values increases
due to the lesion occupying a wide region of the corrected
fluorescence image, whereby the display of the lesion is pre-
vented from being suppressed. On the other hand, the thresh-
old value S is prevented from becoming too low even when
the average value of the gradation values decreases due to an
area with low gradation values occupying a wide region of the
corrected fluorescence image, whereby the display of the
background is prevented from being emphasized. In addition,
a highly accurate threshold value can be set even when the
gradation values vary among the pixels.

As a comparative example for this modification, for
example, when the coefficients a and b are set to 1 in a case
where the average value of the gradation values increases due
to an increase in the percentage at which the lesion occupies
the image, the threshold value S is 1883 (=m+0=1300+583).
As aresult, the threshold value S is too high, and only 60.3%
of the display of the lesion is maintained.

As an alternative to this modification in which the coeffi-
cient b is set to 1, the coefficient a may be set to 1 and the
coefficient b may be set on the basis of Table 3. Accordingly,
a minimum value and a maximum value for the threshold
value S can be limited on the basis of the percentage at which
an area having pixels with high gradation values occupies the
corrected fluorescence image. Therefore, the threshold value
S is prevented from becoming too high even when the stan-
dard deviation of the gradation values increases due to the
lesion occupying a wide region of the corrected fluorescence
image, whereby the display of the lesion is prevented from
being suppressed. On the other hand, the threshold value S is
prevented from becoming too low even when the standard
deviation of the gradation values decreases due to an area with
low gradation values occupying a wide region of the corrected
fluorescence image, whereby the display ofthe background is
prevented from being emphasized.

TABLE 3
m2

n2 1500 2000 2500 3000
300000 0.70 0.63 0.51 0.46
250000 0.72 0.68 0.56 0.52
200000 0.75 0.73 0.63 0.61
150000 0.78 0.79 0.72 0.72
100000 0.82 0.87 0.83 0.87
50000 0.85 0.97 0.98 1.08

When the coefficient b is 0, that is, when the threshold
value S is set to equal axm, the coefficient a may be set on the
basis of the relationship between the total number n, of pixels
of the lesion and the average gradation value m, shown in
Table 4.

In this modification, for example, an operator may manu-
ally change the threshold value in accordance with the obser-
vation conditions by using the threshold-value change com-
mand unit 261, as in the fluorescence endoscope device 200
shown in FIG. 9. Accordingly, this is advantageous when
lesions with different sizes are found during observation.
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TABLE 4
m2

n2 1500 2000 2500 3000
300000 0.15 0.18 0.09 0.14
250000 0.22 0.28 0.19 0.25
200000 0.29 0.39 0.31 0.38
150000 0.37 0.52 0.46 0.54
100000 0.46 0.68 0.66 0.77
50000 0.56 0.91 0.96 1.16

As an alternative to this modification in which a pair of
coefficients a and b is set, for example, multiple pairs of
coefficients a and b may be set in a sixth embodiment such
that the coefficients a and b may be selected in accordance
with the shape of a subject to be observed. In this case, for
example, referring to FIG. 13, two pairs of coefficients a and
b for when observing a normal lesion having a non-protruding
shape and for when observing a protruding lesion may be set
and displayed on the monitor 50. Referring to FIG. 14, a
coefficient changing unit 263 for changing between these two
pairs of coefficients a and b may be provided on the scope 2.
The multiple pairs of coefficients a and b may be preset by
using Tables 1 to 3 in accordance with the size and the shape
of assumed lesions.

Referring to FIG. 15, in a seventh modification, a fluores-
cence endoscope device 300 may include an agent informa-
tion storage unit 371 that stores information about fluorescent
agents and information about gradation values corresponding
thereto, and an agent information input unit 373 for inputting
the information about a fluorescent agent to be used, which is
selected by an operator from the agent information storage
unit 371, into the threshold-value setting unit 45. Based on the
information about the fluorescent agent input to the thresh-
old-value setting unit 45, the coefficients a and b may be
selected. When a different fluorescent agent is used, the con-
trast also changes. Therefore, by making the coefficients a
and b selectable in accordance with the types of fluorescent
agents, a sharper corrected fluorescence image can be
acquired. In this case, the coefficients aand b may similarly be
preset by using the aforementioned Tables 1 to 3.

Referring to FIG. 16, in an eighth modification, a fluores-
cence endoscope device 400 may include a detachable scope
402 having an IC chip 481 that stores scope information, and
the light source 10 may include a scope detecting unit 483 that
detects the scope information stored in the IC chip 481. The
scope information includes the number of irradiating sections
constituted by the light guide fiber 21 and the light spreading
lens 23, an observation angle between the irradiating sections
and a light receiving section constituted by the objective lens
31, and the like.

In this case, when the scope 402 is connected to the light
source 10, the scope detecting unit 483 may read the scope
information stored in the IC chip 481 and send the scope
information to the threshold-value setting unit 45. Based on
the scope information, the coefficients a and b may be
selected. Because the observation magnification and the like
vary depending on the type of the scope 402, the total number
n, of pixels of the background and the total number n, of
pixels of the lesion vary even if the same lesion is observed.
Accordingly, threshold values corresponding to various types
of scopes with different specifications and purposes can be
set. In this case, the coefficients a and b may similarly be
preset by using the aforementioned Tables 1 to 3.

Referring to FIG. 17, in a ninth modification, an image
combiner 591 that generates a combined image constituted of
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a white-light image and a corrected fluorescence image may
be provided, and the generated combined image may be dis-
played on a monitor 550.

Accordingly, the positional relationship between the
white-light image and the corrected fluorescence image can
be provided to an operator more clearly. Since an area lower
than or equal to a threshold value is displayed as a gradation
value of zero, the display of the white-light image is pre-
vented from being hindered by the corrected fluorescence
image in areas other than the lesion even in the combined
image constituted of the superposed images.

Although the white-light image is used as a reference
image in this modification, the white-light image may be
acquired by using, for example, a CMOS device or a CCD
(white-light-image acquisition unit) formed of three chan-
nels, i.e., R, G, and B channels, and the R channel alone, for
example, may be used as the reference image.

Alternatively, light in a wavelength range different from
that of white light, e.g., infrared or near-infrared light, may be
radiated as additional reference light, so as to acquire a ref-
erence image different from the white-light image.

Although the embodiment of the present invention has
been described above in detail with reference to the drawings,
the specific configurations are not limited to those in the
above embodiment and may include other design modifica-
tions so long as they do not depart from the scope of the
invention. For example, the present invention is not limited to
the above embodiment and the modifications thereof, and
may be applied to an embodiment with an appropriate com-
bination of'the embodiment and the modifications thereof; the
invention is not limited in particular.

Furthermore, in the above embodiment and the modifica-
tions thereof, although the image adjuster 51 eliminates the
display of the fluorescence from the background and main-
tains the display of the lesion, for example, the gradation
values of the pixels of the background may be reduced to an
extent that the display of the background is not eliminated,
and the gradation values of the pixels displaying the lesion
may be increased, so long as the contrast between the fluo-
rescence from the lesion and the fluorescence from the back-
ground can be increased.

REFERENCE SIGNS LIST

10 light source

41 image generator (fluorescence-image acquisition unit, ref-
erence-image acquisition unit)

43 image corrector (corrected-fluorescence-image generator)

45 threshold-value setting unit

50 monitor (display)

51 image adjuster

100 fluorescence endoscope device

The invention claimed is:

1. A fluorescence endoscope device comprising:

a light source that irradiates a subject with excitation light
and reference light;

a fluorescence-image acquisition unit that acquires a fluo-
rescence image by capturing fluorescence generated in
the subject irradiated with the excitation light from the
light source;

areference-image acquisition unit that acquires a reference
image by capturing return light returning from the sub-
ject irradiated with the reference light from the light
source;

a corrected-fluorescence-image generator that corrects the
fluorescence image acquired by the fluorescence-image
acquisition unit by using the reference image acquired
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by the reference-image acquisition unit so as to generate
a corrected fluorescence image;

a threshold-value setting unit that sets a threshold value on
the basis of an average value of gradation values of
pixels in the corrected fluorescence image generated by
the corrected-fluorescence-image generator;

an image adjuster that increases the contrast in the cor-
rected fluorescence image between an area having gra-
dation values larger than the threshold value set by the
threshold-value setting unit and an area having gradation
values smaller than the threshold value; and

a display unit that displays the corrected fluorescence
image whose contrast is increased by the image adjuster.

2. The fluorescence endoscope device according to claim 1,
wherein the reference-image acquisition unit acquires
reflected light or spread light of the reference light returning
after being reflected or spread at the subject.

3. The fluorescence endoscope device according to claim 1,
wherein

the light source further emits white light,

the image adjuster generates an eliminated-background
image in which the area having gradation values smaller
than the threshold value is not displayed,

the fluorescence endoscope device further comprises a
white-light-image acquisition unit that acquires a white-
light image of the subject irradiated with the white light;
and an image combiner that generates a combined image
by superposing the white-light image acquired by the
white-light-image acquisition unit and the eliminated-
background image generated by the image adjuster, and

the display unit displays the combined image generated by
the image combiner.

4. The fluorescence endoscope device according to claim 1,

wherein

the light source emits white light as the reference light,

the reference-image acquisition unit acquires an image of
the white light returning from the subject as the refer-
ence image,

the image adjuster generates an eliminated-background
image in which the area having gradation values smaller
than the threshold value is not displayed,

the fluorescence endoscope device further comprises an
image combiner that generates a combined image by
superposing the white-light image of the subject
acquired by the reference-image acquisition unit and the
eliminated-background image generated by the image
adjuster, and

the display unit displays the combined image generated by
the image combiner.

5. The fluorescence endoscope device according to claim 1,
wherein the corrected-fluorescence-image generator divides
the fluorescence image by the reference image.

6. The fluorescence endoscope device according to claim 5,
wherein the threshold-value setting unit sets a value obtained
by multiplying a coefficient by the average value of the gra-
dation values as the threshold value, the coefficient being set
such that the coefficient decreases when a percentage at
which an area with a predetermined gradation value or higher
occupies the corrected fluorescence image increases.

7. The fluorescence endoscope device according to claim 5,
wherein the threshold-value setting unit sets the threshold
value on the basis of the average value of the gradation values
and a standard deviation.

8. The fluorescence endoscope device according to claim 7,
wherein the threshold-value setting unit sets a value obtained
by adding the standard deviation to the average value of the
gradation values as the threshold value.
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9. The fluorescence endoscope device according to claim 7,
wherein the threshold-value setting unit sets a value obtained
by adding the standard deviation to a value obtained by mul-
tiplying a coefficient by the average value of the gradation
values as the threshold value, the coefficient being set such
that the coefficient decreases when a percentage at which an
area with a predetermined gradation value or higher occupies
the corrected fluorescence image increases.

10. The fluorescence endoscope device according to claim
7, wherein the threshold-value setting unit sets a value
obtained by adding the average value of the gradation values
to a value obtained by multiplying a coefficient by the stan-
dard deviation as the threshold value, the coefficient being set
such that the coefficient decreases when a percentage at
which an area with a predetermined gradation value or higher
occupies the corrected fluorescence image increases.

11. The fluorescence endoscope device according to claim
7, wherein the threshold-value setting unit sets a value
obtained by adding a first value to a second value as the
threshold value, the first value being obtained by multiplying
afirst coefficient by the average value of the gradation values,
the first coefficient being set such that the first coefficient
decreases when a percentage at which an area with a prede-
termined gradation value or higher occupies the corrected
fluorescence image increases, the second value being
obtained by multiplying a second coefficient by the standard
deviation, the second coefficient being set such that the sec-
ond coefficient decreases when a percentage at which an area
with a predetermined gradation value or higher occupies the
corrected fluorescence image increases.

12. The fluorescence endoscope device according to claim
1, wherein the threshold-value setting unit sets a value
obtained by multiplying a coefficient by the average value of
the gradation values as the threshold value, the coefficient
being set such that the coefficient decreases when a percent-
age at which an area with a predetermined gradation value or
higher occupies the corrected fluorescence image increases.

13. The fluorescence endoscope device according to claim
1, wherein the threshold-value setting unit sets the threshold
value on the basis of the average value of the gradation values
and a standard deviation.

14. The fluorescence endoscope device according to claim
13, wherein the threshold-value setting unit sets a value
obtained by adding the standard deviation to the average
value of the gradation values as the threshold value.

15. The fluorescence endoscope device according to claim
13, wherein the threshold-value setting unit sets a value
obtained by adding the standard deviation to a value obtained
by multiplying a coefficient by the average value of the gra-
dation values as the threshold value, the coefficient being set
such that the coefficient decreases when a percentage at
which an area with a predetermined gradation value or higher
occupies the corrected fluorescence image increases.

16. The fluorescence endoscope device according to claim
13, wherein the threshold-value setting unit sets a value
obtained by adding the average value of the gradation values
to a value obtained by multiplying a coefficient by the stan-
dard deviation as the threshold value, the coefficient being set
such that the coefficient decreases when a percentage at
which an area with a predetermined gradation value or higher
occupies the corrected fluorescence image increases.

17. The fluorescence endoscope device according to claim
13, wherein the threshold-value setting unit sets a value
obtained by adding a first value to a second value as the
threshold value, the first value being obtained by multiplying
afirst coefficient by the average value of the gradation values,
the first coefficient being set such that the first coefficient
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decreases when a percentage at which an area with a prede-
termined gradation value or higher occupies the corrected
fluorescence image increases, the second value being
obtained by multiplying a second coefficient by the standard
deviation, the second coefficient being set such that the sec- 5
ond coefficient decreases when a percentage at which an area
with a predetermined gradation value or higher occupies the
corrected fluorescence image increases.
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